Apple ][ Computer Information -- IWM Disk I/O Controller Information 




Apple ][ Computer Information 



IWM Floppy Disk I/O Controller Info 



Engineering Drawing # 343-0041 -A 
IC -- Integrated Woz Machine (IWM) 

Bob Bailey -- Apple Computer, Inc. - February 28, 1984 
INCLUDES DISK II ANALOG BOARD SCHEMATIC 




SOURCE 

Brutal Deluxe Software web site - www.brutal-deluxe.fr 

31 December 2008 



IWM Specification : Engineering Drawing 343-0041 -A -- Feb. 28, 1984 Page 0001 of 0016 



Apple ][ Computer Information -- IWM Disk I/O Controller Information 



REV 



ZONE 



ECO* 



C288 



FUS 



F221 



± 



KEViSIOH 



XXItlAL RELEASE 



aUMGEO TEST PROGRAM LlNHS 



PACI 2i ADDED WARNING SECnoW 



APPO 



TO 



loft 



DATE 



^ 



3 




*f- 






IWM Specification : Engineering Drawing 343-0041 -A -- Feb. 28, 1984 



Page 0002 of 001 6 



Apple ][ Computer Information -- IWM Disk I/O Controller Information 



iBCtgrafd WOZ Hacbl»« ( IWM) 

D«t1c« Sp«eifie«clo* 
r— turti 

* B«ckv«rda-c(np«elU« with 16 Mcfior Olik || cMtrollcr 

* D«« of 7M (or 8 alls) to alnlaiso mpllac «tTor r«e« 

* r<it Mod« tMlof 2 oS Mt Cilli 

* A«7ii6hroD0ui mo4m wlcb pollablo haodsluka f^ffM 

WAaarMG 

Dm Hm will not wock zttUably la irnchfoooM ■•4» «itli tlw 6502 aslac 
AppU XI disk tof einc«. U trlU voKk with U* CMM Mrtlon don* by 
Vosttns Deti^ Coaur (BOl tuppUtt thl* psft w 9at63Ct)2). 

thtflDg thw load aecwnlacor lostnietlow. If cte 17 MCpot of th« IBM 
eh«afo« CO 1 ju«t hofor* th« t]i4 of tho wlenfffvcMMr nud wladov, tbm 
nCAXXTI flag aay hw MC bwt k{7] rtaals 0. 11i» iM«le« la rocogBltloA 
of a ''▼olid" bftm*^ Tha oeeuwilatov will caakaia Cha hjtm ozeapt At7| 
will ba Incorroet Iba 4if ftrooeo batwtaa tha fSOS tad tha 6SC02 ia that 
Cba la t tor ua«« rofaaaratlTo foedbaek to Cotca tha latcho4 Input dmtm to 
valid logie lovola of tar tha rood window oada* Ihlo guaraatooo Cba 
VEGAIIVS flAt «n4 A[7I wtU bo oquol of toc tha lotd oeeuaulotor Inatnctfoo* 

Tha 6502 may bo uo«4 If A(7] lo not oood la tha do-albbUslng proeaaa. A 
olaplo fix to tho earroat routlnoo lo to farea Jl[7] to a 1 by OKA #980 
of cor reading tho albbla# 

Coporal Doocrlptloa 

Tho IVH lo oa latofratlon of tho Dlok n floppjr dloe Intarfaea. Vhoa tha 
vm lo rooot, It bocaaoa a eoatrollor eoapatlhla with tha eurront Dloh II 
iacorfoeo la Ito oporatloa with eurrontly oapponad Applo II and /// 
ooftvoro. In addltloa, tha IHM hao eztooolooa laeludlng a ototuo roglator» 

aodo raglator, and aaltlplo «doo of oporatloa. Tho VM provldoo aa 
ooTnchrooouo aodo» a faac aodo with a data rata twica that of Dlok IX^ and 
aa optional 1 oecond ooa-ohot tlaor to bol4 tha onabla outpato low. 



Tha IHM lo a poripbaral doTlco that roaaocta ta a Inot data boa* Tha 
davleo gonoratoo oad racalvoo oorlol GCA oacadod data* A progroavohla digital 
000 ohot lo uood far aorial data rocoTory* Tha im gonoratoo baf focad drlvo 

oooblao and phaoa Ham ooatrol outputo. 



343-O04I**A 
Shoot 2 of U 



IWM Specification : Engineering Drawing 343-0041 -A -- Feb. 28, 1984 Page 0003 of 0016 



Apple ][ Computer Information -- IWM Disk I/O Controller Information 



Packaging and Pla ABtlgnmgnt 

Tll» IWM Is packaged In a aCandscd 28 pin, 600 all pT»M>-r^ Dip« 
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Technical Descrlpcfo* 

Mt cell boundary tl^ «* •^"rj/^r^tS'li^irtJrniutoT^ ^^ •' • 

Th« IWM 1, put ^^^ ^^ w . . . 

»««s« state to the vnt« lo.d .t.e! ? ^.* ■"w*el«'« fro. th« writ. »«»..• 
that transition and e^e^ g 03 n!r.^ ^?,***,«y'^»»«-onou« ,od*, STtS.*^; 

period, of th* qy tn^^ ^Yglll « u^I ^ *"'"'*»* ^' '''• «'*«^« «liw U J* 
accew ccc«rrln, «ithl. thU write wlndoT^'??*,'^!"*'' •* ^^* ^^ Tit. 

In synchronous node oi i-Im/.!. « 

.- *« us timing.. „,tei ^uW^heaT M^r^/n*"*"' »" ««"«"• ">• 32 

rLfl""?'* "•^""'.IT. ..d Srbll "uliff •' 'J* «^ "«^ input P«l". 
'"■ in slow acde. '" «•" W«ing., 8 qS pertcxra per Mt dj 

In taynehronons aodt tha >irl». .v<«. 

»»«er r.,l,ter «r *• wltt.« m ,«! mL^!? "J *" ""• *""•'• »*• 
re,l.t.r 1. t«n,f„», t. th. «"t. *.i«r;,SJt.".'u l^T"* " «• ^«« 

Za aiyochronou* twdc cut la um«iI ►* - 
f«t »oda th« cut clock laVquIvaW ? 'J^'^J* ^^* **' «13L ti«l„.., i„ 

S'jM'iJd'*!'**"*';*-* tTthTc'crU:,^ JjJJ'dLT'/L''^' *- '^^ 

xa /H and ilov nod* th* bit «>*ii .7 v?., ''*'^ divided hy mo- tk«»«*-. 

•hlf t retliCcr Is Io«d«| .very 8 bit c.?i :. ^ *«y»«*>'ono«« «od« th* write 
«fter th. writ. .t.t. begin., " **~* """"« ••^•n CU pertod. 



V\ 
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An undetrtin occur, when d^t. hit not been written to the buffer retl.ter 

tl»« Che buffer is trenef erred to the write shlft-re.liter rVll a 
pccur, 1« ..ynchronout -ode /WKKEQ will be dJ.ebleS (ee '; . TtJ hJIh^L'!!? 1 
and the /underrun fUe wtH be set tA .era Th«! TTL hlih etete) 

rMUt« will !.-!!r'^^ ^K / •°^* •"• '• •''""* '»" th. MSB, th. .Mfc 



•w 
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Read d«CA bit cell window* 



■od« 




Nclks 

7-20 
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FCLK/2 


dat« 


• lov 
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1 

01 

001 


•low 


8H 
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01 

00) 
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notes 

2.0-5.71+ u5 
6.0-9.71+ uS 
10.0-13.71+ uS 
wlndotf Is 28 elks 



window is 14 elks 



1.0-2.875+ uS 
3.0-4.75+ uS 
5.0-6.875+ uS . 
wtqdow is 16 elks 

K-^ J*"* '*"• "i^"* *^''*'* **** '*»♦ ^«* •*P«*tor in the IWW dlscrlainstes 
between ones and zeros vh«ii readln* h^iv« i. *». Z *"" "^■*='*"*"*«« 

pttt.rnt noc.d .bov. .r. th. bit p.ttcti>t th.t .r. ihUt.* 1» ., . rw^lt of 
th. t,.».Uloo. .„. th. .b..«. el transition, ta th.l. ri.J'c",; "^^Jw.^ 

:!i! V periods befors being set. Except in port operation in 

the IwIcS M*r/o.'i*,^'^.i' *^V^^^ ""^ '*• "'«» ^"^ «• transition of 

the lojlcal OR of Q3 and /DEV • In asynchronous «)de the Q3 input «ay be tied 



\i 
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1* Vce 

Giro *5 volt supply 

°"""** reference and negative supply 
2- Device Control Signal. 



A1-A3 
A0 



Di)-D7 
/DE7 



FCU 

Q3 
/RESET 

3- Inputs (2) 
HODATA 

SENSE 



Alio the /READ Input. A lai. .. tv. . 
«l«t.4 b, .. .tat. onto tht'Slerb^.. 

TiM Udlnctlonal data bu« . 

edge Of the logical fu„ctl« ? qt^^\^l T*'"* 
qualifies write register data. '^^ ^ 

aocV Input for the serial dats logic- 
either 7 or 8 MHi, *°S*c, 

2.6 Mh« clock input used to quallf, th* 

» ^,1-or- r ^'- ""- «' . 

Active low lyateai reset Input. 

X::r :ii.ri:a:&? r -j^ ^- 

tranauio, ,f ..eh pul„ u aynchJonUad b, 

.v.r„:%:jr.jr:!."'«-^Mi.*v.a 
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4. Outputs (8) 
WRDATA 

/ENBLl , /EMBL2 



/VRREQ 
PHASE0-3 



Th« .jrlaX dat. output. A CransUion occur, 
on thi* output for each one bit. 

Programciable baffer«d output lines. 
Mo more than one enable nay be low «t any 
tlae. If an enable li low tlian Motor-Oo 
It true* 

If the l-second on board timer la enabled 
then the selected one will stay low for about 
1 second after U is programed high. 

This signal Is a prograaaablt buffered 
output line. 

pese are prograonable output lines* 
A true TTL logic «1- (2.4 volts) can be - 
Mlotatned even while driving two darllngton 
Inputs In parallel. 
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Regl^tttr Descrtpclon 



Stat« Restsc«r 



Thl« Is an 8-blt write-only pseuda-rexlater. Th» Mi-, f^ *v«- > 

Addrest Kaa« Funetlfin 

A I la thi« bit will drlv. PHASE* to • hlth tt«t«. 

PHASE! 
PHASEa 
PHASES * 

A 1 on Chit btt selects /EMaL2; « « selects /ENILl 
(see description belov) 
(see description below) 

tlin cc«bl«etian of L7 and Hntor-On end /undetrun enables /WXREQ low. 
17 U Motot-Oa register operation selected State Ka«e 
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Ulotor-Oa 
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Drive<-Sel 
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1 » 

1 1 

1 1 



$ 

1 

X 
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read data register 

read status register 

read writc-handshake register 

write node register 

write data register 



Read 

Write-Proteet Sense 
Write 
Mode Set 
Write Load 



\i 
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!!!^ !!?**'!! ^ * "^^^^ °"^' r«gut«r > 

All eight Bod^ bit* «r« res«t to by /RESET lAw, 
bit funetlon 
LSI r J . latch a»d« (.hould U t.t in atynchronou. «od«) 
3 i I i:"""i on bo«d tU.r en.bl.; 1 - tl..r illiabU 

3 1 - t«ft aod«; m nottwl operation 
1 • HZ->rc««t 
HSl 7 r«a«rv«d f«r future expanelon 

date teed). ** "*" "**** '*»' «'»• «>«t«niin«tlott of • ^elld 

•.»«<} .ft.r th. tKot«r-On.t«.Mt if ~Lf,"""f. •'"*»'• <*'»•« > 

1. .« tb. tt..r 1, «.:',:«:«.':,".: t,ivii » "iv ii^oir\'^ -* "« 

.yn.no«». with .Ith.r /EMBLI or /EHBU talnH lo*. ""or-Oa 1. 

«» ptOYld. 1 US lot.rMl tlatngi. ' ^ U^i*i by 7 or 8 

th.t"!::L?r:n.\n'M"s «nMCt'r.°sr::i"K': t-'J"*'- ««'' 

•Iway. be mC. ^ "■** *** ^^''^ '^« «**• rejleter can 



\* 
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( a read-onlj register ) 



mode register 
»er ^^NBU or /ENBL2 1. currently active (low) 

( reset to hj /RESET and MZ-reset > 
5E Input highs e - SENSE Input low 

•tJ for co.patlblllt7 vlth future product, and should 
< • read only register ) 



for future use (currently read a. one.) 

' dicl*h!f?i!"•^'** • " • *^*^* ^nd^tzun occur. ) 
B data buffer register ready for dsta 

dat* rejlster depend, on th. letttn* of stu. bte. t« 
««. ..d. bit. wth 16 .»d L7 <1«5. th."", " 



I 
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Kaxlnuai lUttngt 

•tipply voltagtt 
input voltagt 
scorag* tniperaturc 
operating tenperatuctt 



-B.3 to +7.1 V 
^.3 to +7,0 V 
-35 to +125 d«gre<a C 
to +?!» degree* c (aoblent) 



DC characteristics 



sya 

Vcc 

Ice 

TU 

Vlb 

II 

Vol 

Vob 

loh 

Zol 

Motes 



paraaotcr 

supply voltags 
supply eurreot 
Input low 
Input high 
input lesVsgs 
TTL output low 
TIL output high 
source current at Voh 
sink current at Vol 



aiD 


oax 


units 


n 


4,75 


5.25 


Volts 




— 


60 


nA 


5 


— 


0.8 


V 


3 


2.0 


-^ 


V 


4 


-* 


m 


uA 


1 


-* 


.4 


V 




2.4 


— 


V 




.32 


— 


oA 


2 


3.2 


— 


■A 


2 



notes 



1. Inputs. 

??Lf"?:!'^^r *'*"? protection., All IWM inputs and bidlractional 
lines in the input mode are high Impedance except as noted MolT 

WPROT and /RDDATA : puUup to VCC of 10K oh». „«t„el 

(source current of 80 to 600 uA at Volts with VCC - 5.25V 

2. 0«tput. loh and lol apply to 00 thn. D7 snd WRDATA. The foUowla, 
output line, have special drive capabilities, noted below. * 



/EHBLl, /ENBL2: 
/WRREQi 



PHASg 0, PHASE 2 
PHASE 3 



PHASE 1: 



SinV current of at least 5.0 eA at Vol 
Source current of at lesst 40 uA at Voh 
Sink current of at least 10.0 bA at Vol 
Source current of at least 40 uA at Voh 

Source current of at least 1.0 nA at Voh 

Source current of 0«5 eA when pulled down to 3.0 V. 
Sink current of at least 2.4 wA at Vol 

Sourcs current of at least 1.0 mA at Voh 

Source current u£ G.S eA when pulled down to 3.0V 

Sink current of at least 12.4 nk at Vol 



I . 



3.. TTL VllUs also referred to as a sero. 

4. TTt Vih is also referred to mm a one. 

5i A't 5.25 V over full operating temperature range. 
I 
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AC charjccertstlct 



t«s 

tah 
tdi 

t4h 
td« 
tcl«l 

tdth 
cdt 

tdph 

crdh 

cekb 

tckl 

tckp 

tckpt 

tqdsl 

tqdgh 

tqlh 

tqai 

tdasbh 

tr«« 

trvrh 

to 

tckvr 
twrj 

ep 

notes 



paranetec 

AB-A3 to /DEV, ft 
/DE?, r« to A0^A3 InvalM 
data to (Q3 OR /DEV), r« 
(Q3 OR /DEV), re to date 
/DEV, f« to date out 

/DEV low 

/DEV high 

/DEV to /EMBLx or /WRREQ 

/DEV to PHASEx 

RDDATA high time 

FCU high tta« 

FCLX low tine 

FCUC period, no tlnor 

Q3, re to /DEV, f« 

Q3, re to /DEV, re 

Q3 high 

Q3 lotf 

Da-$ valid to 07 re 

/RESET low tiiao 

/RESET to /VRREQ hl,h 

saapllng jitter 

write clock, re to WRDaTA 

write deta jitter 

input pin capacitance 



nln 

40 
'1 
50 

10 

200 
450 



300 

50 

50 

120 

120 

1 

X 

260 

190 

50 

500 



m\x 



units notea 



180 



500 
500 

200 
200 

143 
500 

200 
200 
300 



300 

10 
500 
15 
15 



nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 

nS 

nS 

nS 

nS 

ni 

n$ 

ttS 

nS 

n3 

nS 

nS 

nS 

OS 

PF 



•etup 
eddr hold 
setup 
date hold 
«cceee, 1, 
o« 

2. 
2, 
5. 



11. 

7, 

7, 

7. 

7. 

8. 

10« 

4. 
9, 

9. 



1. 
3. 



4. 



6. 



fa f 7.iif ^' "'* "'•* ■•'^■»« current 

.ynch«nizij;;*'jrj«i^rilJ''wlt*S S'^it"™'*! "r«^'^«>«<>«- *«?« WdATA and 

^^^^dt ^»i^n%^c\"^rr^^^^^^^^ a cue 

/DW «, b« heW low IndeflniHy. *''" ' "" '«'»•*• 

tckwr le the tiae fro« FCIX « «- v '^^■*"« *^«* of D7 • 

eynchronouB node to .-hln-.! « ' w "ync'iJfOnou* ■ode, or Q3. re In 
100 pF. ^^' "* ^***"«*« *» '»»• o-tP-t WRDATA. driving .'loJi o? 

,^ V«^„^' .tp::;a";^!'^ "'"^ '^^ •'«• - --»• <>' ««>ATA« *«, consent 
10- for test purpose* tree auet he at l-a-t »* »« 



9. 
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InfoSijlJn**'"**'*"**" ^* conf Idanclal to Apple and conCalnt proprietary 
chang«« froa earlier apecs 

A0-3 pinout corrected 

/ENBLl anil /ENBL2 plnouc corrected 

tdasbh apeclfled 

latch tDode added (diange to brsidboard alao) 

change t froa ravlll apec (4/ I 6/ 82) 

Dfr-7 pinout changed to facilitate IC layout 
writ* Jitter tpeclfUd 

changes from revllJ apee (5/5/S2) 

Address setup tlae ehangsd to A0 nS 

changes fro« revfl4 apee (6/4/82) 

LMotor-On different fro« Notor-Oa 

Fh«a« lines sink 2.4 bA 

tree teat condition added 

under run and other noaenelatured cleared up 

changes from revll/ spec <8/l7/g2) 

reed date stall tla« changed to 4 CUU 
relaxed AC and DC characterlaties ' 

rhn 02/05/82 
hcs 01/11/82 
vs 10/20/81 
wos 1978,79 
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CIRCUIT schematic: DISK II ANALOG BOARD 




ie-yJ_JJ 



a : 
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